This paper reports on AnnieWAY, an autonomous vehicle that is capable of driving through urban scenarios and that has successfully entered the finals of the 2007 DARPA Urban Challenge competition. After describing the main challenges imposed and the major hardware components, we outline the underlying software structure and focus on selected algorithms. Environmental perception mainly relies on a recent laser scanner which delivers both range and reflectivity measurements. While range measurements are used to provide 3D scene geometry, measuring reflectivity allows for robust lane marker detection. Mission and maneuver planning is conducted using a concurrent hierarchical state machine that generates behavior in accordance with California traffic laws. We conclude with a report of the results achieved during the competition.
Introduction
The capability to concurrently perceive a vehicle's environment, to stabilize its motion and to plan and conduct suitable driving maneuvers is a remarkable competence of human drivers. For the sake of vehicular comfort, efficiency, and safety, research groups all over the world have worked on building autonomous technical systems that can in part replicate such capability [Bertozzi et al., 2000 , Franke et al., 2001 , Nagel et al., 1995 , Thorpe, 1990 , Dickmanns et al., 1994 .
The DARPA Urban Challenge 2007 has been a competition introduced for expediting research on this kind of systems. Its finals took place on Nov. 3rd, 2007 in Victorville, CA, USA. As in its predecessors, the Grand Challenges of 2004 and 2005 [DARPA, 2005 , Thrun et al., 2006 , the vehicles had to conduct missions fully autonomously without intervention of human team members (see Fig. 1 ). In contrast to the earlier competitions, the Urban Challenge required operation in a mock urban scenario, including traffic made up from both competing autonomous vehicles and human driven cars. The major challenge imposed was collision-free driving in traffic in compliance with traffic rules (e.g. right of way at intersections) while completing the given mission. This required for passing parked cars, performing U-turns, parking, and merging into regular flow of traffic. Finally, recovery strategies had to be demonstrated in deadlock situations or in traffic congestions that cannot solely be handled by strictly following traffic rules. The scope of Team AnnieWAY was to extract early research results from the Cognitive Automobiles project that would allow real-time operation of the vehicle under the restricted traffic environment in the Urban Challenge. Its team members are professionals in the fields of image processing, 3D perception, knowledge representation, reasoning, real time system design, driver assistance systems and autonomous driving. Some of the team members were in the 'Desert Buckeyes' team of Ohio State University and Universität Karlsruhe (TH) and developed the 3D vision system for the Intelligent Off-road Navigator (ION) that traveled successfully 29 miles through the desert during the Grand Challenge 2005 [Özgüner et al., 2007 [Özgüner et al., , Hummel et al., 2006 .
